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Classical GSDs

- Glycogen storage diseases (GSDs) are a group of 19 hereditary diseases caused by a lack of one
or more enzymes involved in the synthesis or degradation of glycogen and are characterized by
deposits or abnormal types of glycogen in tissues.
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The biochemistry at a glance 
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Glycogen 
Degradation: 

Glycogenolysis
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Glycogen Degradation: Glycophagy
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Classical GSDs

- Cumulatively, the incidence of GSDs is rare (<1:20,000).

- Glycogen storage diseases, like most metabolic diseases, are inherited in an autosomal
recessive (AR) way. The degree of consanguinity determines the AR inherited diseases in a given
area or population – where the risk of mutation is high, which does not exclude de
novo mutations.

- The GSD IXα and Danon disease are the only GSD types which are X-linked and inherited
recessively.
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Classical GSDs

GSD I

GSD III

GSD IX
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GSD Type I

- GSD type I is the most common and one of the most severe GSDs.

- Type I glycogen storage disease occurs in approximately 1 in 100,000 births. The prevalence of 
GSDI in Ashkenazi Jews is approximately 1 in 20,000. 
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GSD Sub-type I
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1. GSD Ia, due to lack of glucose 6-phosphatase catalytic activity (G6Pase)

[spans 12.5 kb on chromosome 17q21 consists of 5 exons]

2. GSD Ib is due to a defect in the SLC37A4 glucose 6-phosphate
transporter (G6PT)

[spans 5.3 kb on chromosome 11q23 and consists of 9 exons ]



Common mutations in GSD Ia
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cDNA change Amino acid change Ethnicity

c.247C>T p.Arg83Cys Caucasian (32%), Jewish (96%)

c.248G>A p.Arg83His Chinese (38%)

c.378_379dupTA p.Tyr128Thrfs*3 Hispanic (50%)

c.648G>T p.Leu216Leu; creates new splice site Japanese (85–88%), Chinese (36–40%)

c.1039C>T p.Gln347* Caucasian (21%)



Common mutations in GSD Ib
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cDNA change Amino acid change Ethnicity

c.352T>C p.Trp118Arg Japanese (37–50%)

c.1015G>T p.Gly339Cys Mixed Caucasian (19–21%), German (29%)

c.1042_1043delCT p.Leu348Valfs*53 Mixed Caucasian (27–31%), German 32%



Gene Therapy for GSD Ia
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Gene Therapy for GSD Ia

- Currently, in the USA, the development of
adeno-associated virus (AAV) vector-mediated
gene therapy is being carried out for GSD type
Ia based on the success of early-stage clinical
trials of gene therapy in hemophilia.
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Gene Therapy for GSD Ia

- AAV vectors containing a human G6Pase
regulatory cassette/promoter have proven to
be efficacious in animal models of GSD Ia, and
these vectors contain sequence elements that
regulate G6Pase expression appropriately.
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rAAV8-co-G6PC Vector



Gene Therapy for GSD Ia
- At present, gene therapy for GSD type I is at the stage of a safety clinical trial on adult patients
with this type of GSD, and is taking place in the Connecticut Hospital within the GSD program of
Prof. Weinstein (NCT03517085).
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Gene Therapy for GSD Ia
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GSD III

- GSD III, also known as Cori Disease or Forbes disease, is caused by deficiency in the glycogen
debrancher enzyme (GDE) resulting in impaired glycogen breakdown.

-GSD III is an autosomal recessive disease that has been reported in many different ethnic groups
including Caucasians, Africans, Hispanics, and Asians.

-The frequency of the disease is approximately 1 in 100,000 births and relatively high in
Sephardic Jews of North African extraction (prevalence 1:5400).
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GSD III

- This disorder is divided into four subtypes: 

1. GSD IIIa (Liver and Muscle)

2. GSD IIIb (Liver)

3. GSD IIIc (Muscle)

4. GSD IIId (Liver and Muscle)
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Mutations GSD III

-Glycogen storage disease III (GSD III) is caused by homozygous or compound heterozygous
mutation in the AGL gene, which encodes the glycogen debrancher enzyme, on chromosome
1p21 consisting of 35 exons.

- GSD IIIa: In the United States, p.R864X (10.3%), c.3964delT (6.7%), c.4260-12GA (IVS32-12AG)
(5.5%), and p.R1228X (5.2%) are the most common mutations but together account for only 28%
of all mutant alleles.

- Unlike GSD IIIa, which is associated with allelic heterogeneity, two mutations in exon 3—
c.18_19delGA (p.Gln6HisfsX20), and c.16CT (p.Gln6X)—are specifically associated with the GSD
IIIb phenotype.

20



GSD TYPE IX

- The GSD type IX consists of a lack of phosphorylase kinase (PhK) enzyme, which plays a role in
the process of glycogen degradation.

- The enzyme occurs in many tissues, thus its subunits also have their specific isoforms. The
activity of PhK has been studied in such organs as the liver, muscles, kidney, testes, heart and also
in erythrocytes, leukocytes and nerve cells.
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Phosphorylase kinase (PhK) subunit genes 
known to cause PhK deficiency

Gene Sub-type of 
GSD

PhK subunit Location Inheritance Tissue/organ primarily 
affected

PHKA1 IXa α Xq13.1 X-linked Muscle

PHKA2 IXa α Xp22.13 X-linked Liver

PHKB IXb β 16q12.1 Autosomal recessive Liver

PHKG2 IXc γ 16p11.2 Autosomal recessive Liver
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GSD TYPE IX
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Benign or not benign? Deep phenotyping of liver Glycogen 
Storage Disease IX



GSD TYPE IX

GSD IX is one of the most common forms of glycogen storage 
disease, accounting for about 25% of cases. 
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GSD TYPE IX
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GSD TYPE IX

1. The frequency of liver PhK deficiency was estimated to be 1 in 100,000 but recent studies
have suggested that PhK deficiency may be one of the most identifiable causes of
hypoglycemia in males. GSD IX is more common in males due to pathogenic variants in the X-
linked gene, PHKA2, which accounts for about 75% of cases.

2. No mild manifestation and a wide spectrum of clinical severity

3. It has been overlooked because of subtle patient’s presentation and self-limited outcome
and as well lack of molecular diagnosis analysis. Therefore, it has been classified as other
types of GSD such as GSD type III or VI.
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